Objective: Evidence suggests that social skills training (SST) is an efficacious intervention for negative symptoms in psychosis, whereas evidence of efficacy in other psychosis symptom domains is limited. The current article reports a comprehensive meta-analytic review of the evidence for SST across relevant outcome measures, control comparisons, and follow-up assessments. The secondary aim of this study was to identify and investigate the efficacy of SST subtypes. Methods: A systematic literature search identified 27 randomized controlled trials including N = 1 437 participants. Trials assessing SST against active controls, treatment-as-usual (TAU), and waiting list control were included. Risk of bias was assessed using the Cochrane risk of bias assessment tool. A series of 70 meta-analytic comparisons provided effect sizes in Hedges' g. Heterogeneity and publication bias were assessed. Results: SST demonstrated superiority over TAU (g = 0.3), active controls (g = 0.2-0.3), and comparators pooled (g = 0.2-0.3) for negative symptoms, and over TAU (g = 0.4) and comparators pooled (g = 0.3) for general psychopathology. Superiority was indicated in a proportion of comparisons for all symptoms pooled and social outcome measures. SST subtype comparisons were underpowered, although social-cognitive approaches demonstrated superiority vs comparators pooled. SST treatment effects were maintained at proportion of follow-up comparisons. Conclusions: SST demonstrates a magnitude of effect for negative symptoms similar to those commonly reported for cognitive-behavioral therapy (CBT) for positive symptoms, although unlike CBT, SST is not routinely recommended in treatment guidelines for psychological intervention. SST may have potential for wider implementation. Further stringent effectiveness research alongside wider pilot implementation of SST in community mental health teams is warranted.
Introduction
Social skills training (SST) is a psychological intervention focused upon the development or improvement of social interaction, social performance, or interpersonal skills, primarily offered to patients diagnosed with schizophrenia-spectrum disorders or psychosis. SST was initially developed in the context of the deinstitutionalization of psychiatric patients returning to the community in the 1970s and utilized behavioral techniques such as roleplay, modeling, coaching, instruction, and feedback in an attempt to address interpersonal deficits. The literature from this period described SST as an effective means of reducing social anxiety, although suggested that improved generalizability to real-life situations was desirable. 1 Since an initial wave of development in the 1980s and 1990s, SST has diversified meaning that a range of related interventions may now be subsumed within the terminology. The term SST, therefore, represents a broader spectrum of related interventions within the contemporary literature. These include approaches focused primarily on social cognition that may also integrate technology. Such approaches differ from the similar cognitive remediation methodology by their focus primarily upon social cognitive process and social perception rather than upon improving neuropsychological variables such as memory, attention, or executive function. 2, 3 Similarly, a number of SST approaches assimilate cognitive-behavioral techniques such as cognitive restructuring, although they follow an SST-style group format as opposed to the typical formulation-based approach of cognitive-behavioral therapy (CBT). 4 Finally, a number of practically focused approaches integrating SST with psycho-education, life management skills, and relapse prevention strategies also exist. 5, 6 Negative symptoms refer to a specific pattern of commonly observed deficits in psychosis such as passive or apathetic social withdrawal, communication difficulties, blunting of affect, and rigid or stereotypical thinking. 7 Comparatively less research has focused upon the treatment of negative symptoms than positive symptoms while fewer targeted interventions have been developed. Only in recent years have negative symptoms been included as primary outcomes in SST-based interventions since early studies focused on social functioning outcomes. 1 FusarPoli et al 8 assessed the efficacy of pharmacological and psychological interventions for negative symptoms in a large meta-analysis and reported a medium effect size for second-generation antipsychotics vs placebo (g = 0.6, P ≤ .05), whereas their comparison of 10 randomised controlled trial (RCTs) for first-generation antipsychotics vs placebo was not significant (g = 0.05, P = .69). Both comparisons displayed a high degree of heterogeneity, whereas for psychological interventions pooled, they reported a small-to-medium effect size (g = 0.4, P ≤ .05) and moderate heterogeneity. The effect size for antidepressants was smaller (g = 0.3, P ≤ .05). The question of whether medication is more efficacious than psychological interventions pooled is not straightforward because the majority of participants in RCTs for psychological interventions are already maintained on antipsychotic medication which has impact upon target symptoms. However, this meta-analytic evidence suggests that differences in efficacy between psychological and pharmacological interventions for negative symptoms are small. 8 A recent meta-analysis reported similar small-tomedium effect sizes (g = 0.3-0.6) in favor of SST when compared to other psychological interventions for negative symptoms in psychosis. 9 Interestingly, the magnitude of the effect size increased with progressive sensitivity analyses to address risk of bias suggesting robustness. The UK National Institute for Health and Care Excellence (NICE) guidelines state that SST should not be offered as a specific intervention for psychosis following their conclusion in 2009 that SST did not show sufficient superiority over standard care alongside concerns regarding limited generalizability to everyday living, 10 whereas in the United States, guidelines have suggested that SST is not an effective means to reduce symptoms. 11 SST is not routinely integrated within adult clinical psychology or community mental health settings in the UK National Health Service (NHS). CBT is the most widely recommended and integrated psychological intervention for psychosis in the UK, although many CBT manuals focus primarily on addressing positive rather than negative symptoms of psychosis. 12 Earlier meta-analytic evidence suggested that CBT may be effective for negative symptoms (g = 0.4, P < .05). 13 This effect was not, however, maintained when the authors excluded nonrandomized studies and could not be replicated in a more recent meta-analysis when negative symptoms were primary (g = 0.2, P > .05) or secondary (g = 0.1, P > .05) outcomes.
14 The consideration that SST appears relatively more efficacious than CBT in reducing negative symptoms and has produced effect sizes comparable to pharmacological treatments suggests that further examination of its clinical utility is warranted.
The current review aimed to expand upon the promising meta-analytic evidence for SST from our previous comparative meta-analysis of psychological interventions for psychosis by applying a more comprehensive focus on SST and including all comparison conditions rather than only bona fide psychological interventions. To the best of our knowledge, it is 8 years since SST has been thoroughly examined via meta-analysis. 15 Given the accumulation of articles since this time means that a renewed evaluation of its effectiveness is warranted. Because SST has further diversified into a range of related interventions, we aimed to define and assess subtypes of SST as an adjunct to our primary comparisons. We also aimed to account for varying methodological rigor among SST trials because previous reviews did not address risk of bias within RCTs. 16, 17 Our overall aim was therefore to provide a detailed metaanalytic review of the contemporary evidence-base for SST, with robust appraisal of risk of bias and methodological quality in RCTs. Our primary objective was to determine whether SST and SST subtypes demonstrate superiority in reducing negative symptoms against relevant comparison conditions. We hypothesized that SST would demonstrate superiority for negative symptoms across comparisons, whereas superiority would not be demonstrated in other symptom domains.
Methods
A systematic literature search and meta-analysis was performed following PRISMA guidelines for the reporting of systematic reviews and meta-analyses.
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Protocol
The objectives and intended methodology of this project were registered via PROSPERO on May 9, 2016 and can be obtained at the following web location; http://www.crd.york.ac.uk/PROSPERO/display_record. asp?ID=CRD42016038872.
Search Strategy
A systematic literature search was completed in May 2016 (with no limits applied for year of publication) and included four databases: The Cochrane Central Register of Controlled Trials, Pubmed, PsychInfo, and Embase. Abstracts were identified by entering text variations of three key terms dependent upon Boolean operators, MeSH terms, exploded terms, and limit settings relevant to each database, namely, (1) social skills training and related interventions, (2) psychosis and related diagnoses, and (3) randomized controlled trials. Further search strings have been included in Supplementary Material. Articles included in published meta-analyses were also considered for inclusion. 9, 16, 17, 19, 20 Trial registrations, conference abstracts, and dissertations were also considered via grey literature checks online.
Study Selection
Studies were included if they were randomized controlled trials in which social skills training or related interventions were compared against a control condition and applied to a psychosis population. Studies also met the following inclusion criteria: (a) the participants were diagnosed with psychotic disorders including schizophrenia, schizoaffective disorder, delusional disorder, brief psychotic disorder, or psychosis not otherwise specified (NOS); (b) the intervention was defined as SST or was primarily intended to improve social performance; (c) the study was fully randomized and included comparison to an active control, treatment-as-usual (TAU), or a waiting list control; and (d) relevant outcome measures assessing psychotic symptoms and/or social performance were reported at post-treatment and/or follow-up. Active controls include comparison of SST against other bona fide interventions such as cognitive-behavioral therapy and therefore provide the most stringent comparison.
Studies were excluded if (a) participants had alternative or comorbid diagnoses, such as substance abuse or ultra-high risk of psychosis; (b) missing data could not be obtained by contacting authors; or (c) authors mixed elements of SST and other interventions into the intervention and/or control condition resulting in difficulty comparing the active SST element (eg, SST plus oxytocin). Only studies reported in the English language were included.
Risk of Bias Assessment
For consistency with the previous meta-analysis, 9 RCTs were assessed at the study level against the first four criteria of the Cochrane risk of bias tool: sequence generation, allocation concealment, blinding of assessors, and incomplete outcome data. The final two items (selective outcome reporting and other sources of bias) were omitted because there is no evidence of their impact upon validity in meta-analysis. 21 The third item (blinding of assessors) was adapted to include only outcome assessors in blinding because, unlike medication trials, study therapists and participants cannot be blinded to the intervention being delivered. Two authors (D.T. and E.M.G.) calculated risk of bias scores via independent rating and resolution by discussion for 13 (48%) of the included studies, whereas risk of bias assessments for 14 (52%) studies were utilized from the previously published meta-analysis. 9 Risk of bias items were rated as high-risk or low-risk, whereas unclear items were categorized as high-risk.
Data Extraction
Symptom-related outcome data were extracted from 14 studies as part of the previous publication. 9 These data were checked for consistency and included in the current analysis. One author (D.T.) extracted symptom-related outcome data from the remaining 13 studies and extracted social performance outcome data for all studies, whereas another (E.M.G.) checked consistency. Spreadsheets piloted and utilized in the previous meta-analysis were employed for extraction. We contacted five authors [22] [23] [24] [25] with requests for missing or unpublished outcome data, resulting in one successful further inclusion. 26 
Outcome Measures
All continuous outcome measures relevant to psychotic symptoms, general psychopathology, and social performance were extracted. We considered negative symptoms the primary outcome measure based on results of the previous meta-analysis. 9 In instances where multiple outcome measures were reported within one domain, all data were extracted and combined to form a pooled effect size for that domain. In a minority of studies, only dichotomous outcome data were available. These were converted into Hedges' g according to the methods integrated in Comprehensive Meta-Analysis (CMA). 27 The all symptoms comparison therefore includes relapse, discharge, and clinical exacerbation as proxy symptom measures.
Meta-Analyses
The overall strategy for the meta-analyses was to progress gradually from a broad and inclusive sample of studies toward more methodologically robust comparisons. This meant that for each outcome measure category (all symptoms, positive symptoms, negative symptoms, general symptoms, and social performance) or comparison category (all comparators, active controls, TAU, and supportive counseling [SC] only), separate meta-analyses were performed for progressively decreasing risk of bias (0-4, where 4 indicates the highest risk of bias) when possible based on study availability. Meta-analyses were performed on outcome measures or comparator categories when at least five studies were available. Risk of bias sensitivity analyses were performed when at least four studies were available. It was acknowledged that comparisons meeting the minimum required number of studies would be considerably underpowered.
In order to investigate differences in efficacy between SST variations and related interventions, two authors (D.T. and A.M.) identified subtypes of SST independently and resolved disagreements by discussion before final categorization. Separate meta-analyses were then performed using the same procedures as above. Similarly, meta-analyses for outcome measures assessed at follow-up were conducted when there were at least four studies available at any given follow-up time point (eg, 6 months).
For meta-analyses which did not require the combination of outcome measures at study level, the computer software R Studio version 1.0.136 was used to calculate pooled effect sizes using the packages meta and metafor. 28, 29 For comparisons that included studies where two outcome measures were reported in the same domain (eg, two measures of negative symptoms), Comprehensive Meta-Analysis, version 3.0 was used due to its ability to provide a combined effect size at the study level. The programs were checked for consistency of results on a proportion of comparisons. Both software packages provided an aggregated effect size indicating the pooled mean difference between groups at post-treatment or follow-up using Hedges' g. Hedges' g is an estimate of the standardized mean difference between groups and provides a more accurate estimate of effects in small samples than similar statistics for continuous outcome variables such as Cohen's d. 30 Alpha was set to 0.05 for all comparisons and 95% confidence intervals were obtained.
Heterogeneity
Both software packages calculated chi-square tests to assess the degree of heterogeneity for each comparison. The Q statistic and resultant alpha level were used to determine the presence of heterogeneity in each comparison. The I 2 statistic described the percentage of variance in each comparison that may arise from heterogeneity between studies or outcome measures rather than by chance. For the purpose of assessment, heterogeneity was defined as absent (0%), low (25%), moderate (50%), and high (75%). 31 A 95% confidence interval was calculated for the I 2 statistic.
Publication Bias
Publication bias for all meta-analyses was established by examining funnel plots. 32 Duval and Tweedie's 33 trim and fill procedure was used to estimate effect sizes after accounting for publication bias, whereas Egger's 34 test of the intercept was applied to quantify bias and assess significance.
Power Analysis
Due to progressive sensitivity analyses and our identification of SST subtypes, a number of comparisons were likely to be underpowered. We therefore utilized power analysis to determine the approximate number of studies required to identify relevant effects. Previous meta-analysis identified effect sizes ranging from roughly g = 0.2-0.6 for SST. 9 Based on Cuijpers' 35 table, for an average N of 30 per group in each study and conservatively assuming 0.80 power alongside alpha level 0.05, it was estimated that 18 studies would be required to detect an effect size of g = 0.2 for comparisons with low between study variances. Comparisons with medium and high variances would require 22 and 26 studies, respectively. Figure 1 illustrates the selection process by which articles were screened for inclusion. Following removal of duplicates, 1 972 title abstracts were screened for relevant characteristics; a further 176 articles were retrieved for closer inspection of inclusion and exclusion criteria. Twentyseven randomized controlled trials qualified for final inclusion resulting in data for N = 1 437 participants being included across 70 meta-analyses and sensitivity analyses. All included RCTs reported outcome measures at posttreatment, whereas 11 studies (40%) included follow-up data ranging from 12 weeks to 18 months post-treatment.
Results
Study Selection
Selected characteristics of included studies are available in Table 1 . Twenty-five studies (93%) applied group format, whereas only two applied individual format. Risk of bias scores within studies ranged from 1 to 4. This meant that no studies achieved the lowest possible risk of bias score, and therefore, sensitivity analyses could not exclude all risk of bias. Details of risk of bias assessments at the study level are included in Supplementary Material. Four broad subtypes of SST were identified as defined in Table 2 and formed the basis of subtype comparisons.
Effect of SST on Psychosis Symptoms
Results for all comparisons of SST against active controls, TAU, SC, and all comparators pooled are provided in Table 3 . A summary forest plot of significant comparisons is provided in Figure 2 . Separate meta-analyses were calculated for each symptom category and followed by risk of bias sensitivity analyses. SST was more efficacious than TAU for all symptoms (g = 0.28, P = .02) but did not demonstrate superiority against comparators pooled, active controls, or SC. The effect vs TAU was robust when removing studies with risk of bias scores of ≥4 (where 4 indicates the highest risk of bias score), although further sensitivity analyses were not possible due to limited study availability and the significant ≥4 comparison was underpowered. Heterogeneity was absent in the TAU comparison, although other nonsignificant comparisons for all symptoms pooled showed moderate-to-high heterogeneity. SST did not demonstrate superiority in any comparison for positive symptoms while heterogeneity was also moderate to high in this domain.
SST was more efficacious for negative symptoms when compared to all comparators pooled, active controls, and TAU. SST was more efficacious compared to pooled comparators (g = 0.19, P = .01) when all eligible studies were included in the analysis. When progressive removal of bias risk was implemented, the effect size gradually increased to g = 0.28 (P = .01). A similar trend was observed for comparison to active controls, where initial comparisons including all studies approached significance while gradual removal of bias resulted in an effect size of g = 0.28 (P = .01). In comparison to TAU, SST was more efficacious when all studies were included (g = 0.31, P = .01), although studies only allowed for removal of studies with a bias risk score of ≥4 (g = 0.30, P = .02). The ≥4 bias comparison was underpowered. SST did not demonstrate superiority against SC for negative symptoms, but this comparison was underpowered with only four studies available. There was no evidence of heterogeneity among negative symptom comparisons.
For Positive and Negative Syndrome Scale (PANSS) general symptoms, SST demonstrated superiority against comparators pooled (g = 0.32, P = .02) and TAU (g = 0.40, P = .01). The limited number of available studies in this symptom domain meant that sensitivity analyses for risk of bias were not possible while comparisons were underpowered. There was no evidence of significant heterogeneity.
Effect of SST for Social Performance
The results for social performance outcome measures are displayed in Table 3 . SST was more efficacious when compared to all comparators pooled. This effect size gradually increased from g = 0.33(P = .01) when all eligible studies were included to g = 0.37 (P < .03) when studies scoring ≥3 on bias risk were excluded. The treatment effect was no longer significant on the final sensitivity analysis for studies scoring ≥2 on bias risk, although this comparison was underpowered with only five studies available. SST did not demonstrate significant superiority against active controls or TAU, although the TAU comparison was particularly underpowered. The majority of comparisons in 
Cognitive-behavioral social skills training (CBSST):
CBSST defined interventions which utilized primarily a social-skills training approach similar to generic SST but also integrated cognitive-behavioral techniques such as cognitive restructuring, thought challenging or behavioral experiments. To limit heterogeneity, we attempted to exclude interventions that were primarily structured as formulation-based CBT-based approaches that added aspects of SST because these interventions have less explicit skills training focus. 5. Treatment-as-usual (TAU) comparison: Refers to standard clinical care received by patients. TAU cannot be considered an active control in meta-analysis because intervention is nonstandardized, whereas both intervention and control groups in psychosis are likely to receive some form of TAU (eg, medication). 6. Active controls: Includes bona-fide interventions such as cognitive-behavioral therapy alongside less recognized but standardized control interventions such as supportive counseling 7. Supportive counseling (SC): Refers to nondirective supportive therapeutic contact which includes key common ingredients of therapy such as empathy and rapport without specific techniques of therapy models.
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Note: N st , number of studies; N p , number of participants who received each intervention. Note: All comparisons were using random model. Risk of bias and subgroup analyses were only included in instances where at least four studies were available for that comparison. *P < .05. **P < .1. PANSS, Positive and Negative Syndromes Scale; CI, confidence Interval; SC, supportive counseling; UCLA-FAST, University of California Los Angeles-Functional Adaptive Skills Training. 
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the social performance domain displayed moderate-tohigh heterogeneity including significant effects. Table 3 provides results of the comparison of the a priori specified SST subtypes. The majority of SST subtype comparisons were underpowered due to limited study availability. In order to assess trends in the data, effects that approached significance (P < .1) were noted and the magnitude of nonsignificant effects was considered. The only subtype that demonstrated significant superiority was SCST, which demonstrated a relatively robust effect size at ≥3 (g = 0.39, P = .01) and ≥2 (g = 0.41, P = .01) bias levels against any comparator pooled for all symptom measures pooled. Generic SST demonstrated an effect size that approached significance for all symptoms pooled (g = 0.36, P = .057), whereas for negative symptoms, a similar magnitude was observed despite the comparison being underpowered (g = 0.27, P < .20). UCLA-FAST approaches showed a nonsignificant trend of inferiority for all symptoms pooled vs any comparator, whereas CBSST comparisons were hampered by limited study availability. Comparisons of CBSST showed no evidence of heterogeneity, whereas generic SST and SCST symptom comparisons did not show significant heterogeneity. Heterogeneity was present for UCLA-FAST comparisons, although decreased as bias risk was reduced. Moderate-to-high heterogeneity was observed across social performance comparisons.
Comparison of SST Subtypes
Follow-up
Limited RCT availability meant that meta-analyses on follow-up data were restricted to comparisons at 6-month follow-up, the longest available follow-up, and a pooled follow-up comparison in which an average effect size was calculated across follow-up measurements within each study. This section was restricted to all comparators pooled rather than allowing TAU or active control comparisons. Comparisons were underpowered overall, whereas heterogeneity was consistently low. SST did not show superiority over any comparator at 6-month follow-up. At the longest available follow-up, SST demonstrated superiority for all symptoms when all eligible RCTs were included (g = 0.20, P = .01), at ≥4 (g = 0.25, P = .01) and at ≥3 (g = 0.24, P = .01) risk of bias levels although lost significance at the most stringent ≥2 risk of bias sensitivity analysis. For negative symptoms, SST demonstrated superiority in all comparisons at the longest available follow-up including when all eligible studies were included (g = 0.23, P = .01) and in the sensitivity analyses for ≥3 (g = 0.27, P = .01) and ≥2 (g = 0.40, P = .002) risk of bias levels. When all follow-up measurements were combined, SST demonstrated superiority for all symptoms at the ≥4 (g = 0.17, P = .04) risk of bias level and also the most stringent ≥2 level (g = 0.23, P = .02). For negative symptoms, the effect of SST approached significance when all eligible studies were included and at the ≥4 risk of bias level. SST demonstrated superiority for negative symptoms at the most stringent sensitivity analysis for the ≥2 risk of bias level (g = 0.31, P = .02).
Note. ALL, all comparators pooled; TAU, treatment-as-usual; AC, active controls; Social, social competency outcomes; General, PANSS general symptoms; Negative, negative symptoms; Any, all eligible studies included; <4, <3 and <2 denote sensitivity analyses progressively removing risk of bias. This comparison was underpowered. Follow-up comparison was not available for PANSS general symptoms due to limited study availability.
Publication Bias
Examination of funnel plots and consideration of the trim and fill procedure for effects that demonstrated statistical significance indicated the presence of publication bias in only one comparison. The funnel plot for SST vs all comparators pooled for general symptoms suggested that one study with negative findings had not been published. The trim and fill procedure trimmed one study causing a marginal reduction in the magnitude of effect size in this comparison from g = 0.32 (P ≤ .05) to g = 0.26 (95% CI 0.01, 0.53). The classic fail-safe N procedure suggested that it would require seven missing studies to bring significance below the 0.05 alpha level, whereas Egger's 31 test of the intercept did not demonstrate significance.
Discussion
The current meta-analysis provided a systematic and comprehensive overview of the efficacy of SST for psychosis while also investigating SST subtypes. SST demonstrated superiority for negative symptoms against all comparators pooled, TAU, and active controls with small but reliable differences. SST did not demonstrate superiority over SC for negative symptoms, although this comparison was very low in power. SST also demonstrated superiority against any comparator and TAU for PANSS general symptoms with small-to-medium effects. SST was superior to TAU when pooling all symptom measures but did not demonstrate superiority against comparators pooled, active control, or SC. There were no significant effects on positive symptoms. SST demonstrated superiority only against comparators pooled for social competency measures, although this effect lost significance as bias risk and power decreased. Significant effects for social outcomes were overall marginally larger than those for negative symptoms, although significant heterogeneity was present across significant findings in this category while effects were not maintained against active controls. In SST subtype comparisons, only SCST demonstrated superiority to pooled comparators. Effects of SST vs all comparators for all symptoms pooled and negative symptoms were maintained on a proportion of follow-up comparisons.
As hypothesized, SST demonstrated superiority for negative symptoms including in comparison against active controls, which is the most stringent comparison category. SST also demonstrated beneficial effects on those comparisons possible for general symptoms. The overall trend in analyses for both negative and PANSS general symptoms showed that the magnitude of SST effect increased as risk of bias decreased, suggesting these effects may be robust. There was, however, still a minimal level of risk of bias present in the RCTs pooled to provide these conclusions because no RCT achieved the lowest possible risk of bias score. Sensitivity analyses for social outcomes did not follow this trend, with the effect size decreasing and findings losing significant when bias was minimized. Similarly, many comparisons allowed only the least stringent category of sensitivity analysis due to limited availability of methodologically strong RCTs. Comparisons in the social performance domain displayed moderate-to-high heterogeneity. This heterogeneity may be a result of combining a high number of outcome measures that were not designed to measure a narrowly defined construct. Our combination of these measures may therefore indicate that a number of related but distinct outcomes were included, whereas a lack of robust significant effects in this domain may also be related to the heterogeneity in the included outcomes.
Although SCST demonstrated superiority to pooled comparators again with magnitude increasing as bias decreased, no other SST subtypes demonstrated superiority in the context of low power across comparisons. There were two effects approaching significance: generic SST at ≥4 risk of bias sensitivity analysis and SCST at ≥3 risk of bias sensitivity analysis, whereas UCLA-FAST performed poorly, despite having the highest statistical power. This may therefore suggest that "practical" life skills approaches have less beneficial impact upon symptoms than other subtypes. It is difficult to draw any conclusion regarding CBSST due to limited study availability. The identification of SST subtypes in meta-analysis may therefore become more relevant as the literature develops and future meta-analyses may benefit from increased study availability to bolster categories. Further research in this area, which can comprehensively compare the effectiveness of SST subtypes, may help influence the development of effective SST interventions.
The beneficial effects of SST were not evident at 6-month follow-up, which was underpowered. Robust effects were however maintained for negative symptoms at the longest available follow-up point and in a less robust manner for all symptoms, whereas combining follow-up points also demonstrated similar lasting effects of SST. SST has faced criticism that learning does not generalize well to real-life situations. 16 These findings indicate that SST has potential as an intervention that maintains effects outside the therapy group, although demonstrating generalizability and longevity remain important.
The effect sizes reported for SST for negative symptoms (g = 0.2-0.03) are marginally greater than those reported for CBT for positive symptoms and marginally smaller than those reported for antipsychotics, 8, 9 whereas current evidence does not support CBT for negative symptoms.
14 If we consider CBT as an intervention addressing positive symptoms and SST for negative symptoms, each intervention has effects of roughly equivalent magnitude for its target area. 36 As discussed, SST is not recommended as a stand-alone intervention by NICE and therefore is not routinely implemented in the NHS. 10 Furthermore, no UK RCTs met inclusion criteria for this meta-analysis, whereas many meet criteria for CBT meta-analyses. 9, 15, 37, 38 It is possible that a culture toward cognitive-behavioral, formulation-based interventions is limiting the consideration of alternative approaches that demonstrate similar efficacy. The group-based style of SST may lend itself well to application within a CMHT environment and has the potential to act as a cost-effective means of addressing negative symptoms, whereas improved care matching protocols may develop to help identify which patients may benefit most from the range of available interventions and depending on their capacity to engage. 39 The positive findings for SST on general psychopathology are also of interest. The PANSS general psychopathology subscale may be conceptualized as a measure of general distress including depression and anxiety, which have been identified as factorial dimensions within psychosis symptomatology. 40 Understanding of depression as an integral part of psychosis is limited as are targeted interventions. The small-to-medium effect sizes shown for SST in this domain suggest that targeting general psychopathology is worthy of consideration for the broader recovery agenda 41 while contemporary research challenges the traditionally prevalent assumption that psychosis and depression are aetiologically distinct. 40 Considered broadly, these findings suggest the importance of developing interventions for psychosis populations that carefully consider the symptom and functioning domains measured by negative and general symptom scales.
It should also be recognized that negative symptoms represent heterogeneous sequelae within psychosis. Recent research supports a two-factor structure within negative symptoms in which expressive or neurocognitive deficits are associated primarily with limited life functioning, whereas a second factor representing limited social motivation is associated with depressive symptomatology. 41, 42 Research on intervention targeting specific subgroups within negative symptoms is in its infancy. 43 Although simultaneously considering our findings on general symptoms, the potential crossover between negative symptoms and depressive symptomatology has implications for the development of effective interventions.
On a macro level, this review also provides support that small but reliable differences exist between psychological interventions, particularly on the outcomes targeted specifically by the intervention. This contradicts the Dodo verdict that all psychological interventions are equivalent because SST retained superiority for negative symptoms observed elsewhere. 9, 44 Small effect sizes and a number of nonsignificant comparisons vs active controls may also be interpreted as supportive of the premise that interventions are roughly equivalent although the difficulty of low power in these comparisons should not be dismissed. Wampold 45, 46 highlights the tendency of meta-analyses of psychological interventions to establish targeted, symptom-specific improvement as opposed to improved general functioning. The observed effect on PANSS general symptoms suggests that improvement may occur on outcomes capturing comorbidity, although our methodology does not have the sophistication to specify the mechanism of such improvements. There were a number of limitations including those inherent to meta-analyses and those specific to this review. With regard to the literature, although 27 RCTs were included, participant numbers in many trials were low. 47 Many comparisons were therefore hampered by low power and there were not enough high quality studies minimizing bias risk to allow comparison at the lowest risk of bias level. This meant that any significant finding is still susceptible to some degree of potential bias.
Based on our comparison strategy, another limitation was that many RCTs had to be excluded due to the mixed nature of interventions; eg, integrating medication, exercise, or other psychological therapies alongside SST. It was beyond the scope of this review to consider these interventions, although a narrative systematic review may help provide clarity on this burgeoning literature. Similarly, although we attempted to address the issue via joint decision-making, our categorization of SST subtypes retains a degree of subjectivity while subtypes may contain heterogeneity. Nevertheless, the first meta-analytic consideration of SST subtypes provides guidance for future reviewers as this literature develops.
The lack of translation capability should also be considered a limitation in this review because we were unable to fully assess ten potential articles for inclusion. A final limitation is that a wider range of outcomes are relevant to recovery from psychosis than those included in this review, eg, quality of life, neurocognitive function, relapse, or employment. Considering all such outcomes was beyond the scope of our project; therefore, depending on study availability, future research may consider them.
A further limitation of this review is that neither the methodology nor the scope of this review allow insight into the mechanism of change by which SST modifies symptoms or social performance. In light of our findings, it is possible that SST exerts secondary change in negative symptoms via the primary target of social functioning, whereas an alternative possibility is that SST has direct impact upon negative symptoms such as poor rapport, emotional withdrawal, and passivity which in turn improves social performance. Moreover, there is considerable conceptual crossover among negative symptoms, general symptoms, and social functioning. Future research dismantling the mechanisms of SST is therefore warranted.
Taken in the context of wider research findings, the magnitude of effects demonstrated by SST for negative and general symptoms is relatively comparable to other interventions including the extent of benefit shown by antipsychotic and antidepressant medication. 8 As aforementioned, we recognize that because the majority of participants in included RCTs would have been maintained on medication, the beneficial effects of SST are over and above any existing pharmacological effect on symptoms, whereas the efficacy of SST for unmedicated participants remains unknown. The results of this meta-analysis suggest that SST has the potential for wider clinical application, whereas the level of evidence demonstrated for SST contradicts its exclusion by NICE in the UK. 10 The effect sizes reported are impressive for a group-based psychological intervention suggesting that SST may have potential as a costeffective alternative to individual therapies addressing negative and general symptoms in healthcare systems struggling to provide routine psychological intervention while SST may also provide a beneficial adjunct to CBTp focused on appraisal and positive symptoms.
Further high-quality outcome research may help clarify doubts regarding the applicability and durability of SST in practice. At the very least, an RCT with stringent methodology applying SST for negative symptoms in a routine mental healthcare setting is warranted. Any future research may also benefit from integrating a cost-effectiveness analysis. Future SST research must focus upon further reducing risk of bias among RCTs and therefore allowing equivalence to CBT methodology alongside further addressing the concerns regarding generalizability and longevity. It is therefore important that methodologically stringent RCTs continue to integrate follow-up assessments on primary outcome measures, whereas the integration of booster sessions or any similar attempt to prolong beneficial effects, trouble-shoot, and increase applicability to real-life settings may help address pre-existing concerns. The significant findings on a proportion of follow-up comparisons suggest that further development of SST is warranted.
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